Modeling how people interact with search interfaces has been of particular interest and importance to the field of Interactive Information Retrieval. Recently, there has been a move to developing formal models of the interaction between the user and the system, whether it be to: (i) run a simulation, (ii) conduct an economic analysis, (iii) measure system performance, or (iv) simply to better understand user interactions and hypothesise about user behaviours [7] . In such models, they consider the costs and the benefits that arise through the interaction with the interface/system and the information surfaced during the course of interaction. In this half day tutorial, we will focus on describing a series of cost-benefit models that have been proposed in the literature and how they have been applied in various scenarios. The tutorial will be structured into two parts. First, we will provide an overview of Decision Theory and Cost-Benefit Analysis techniques, and how they can and have be applied to a variety of Interactive Information Retrieval scenarios. For example, when do facets helps?, under what conditions are query suggestions useful? and is it better to bookmark or re-find? The second part of the tutorial will be dedicated to building cost-benefit models where we will discuss different techniques to build and develop such models. In the practical session, we will also discuss how costs and benefits can be estimated, and how the models can help inform and guide experimentation. During the tutorial participants will be challenged to build cost models for a number of problems (or even bring their own problems to solve).
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OVERVIEW AND BACKGROUND
An emerging area of research within Interactive Information Retrieval (IIR) is the development of cost-benefit models that characterize the cost and benefits of interaction with a particular interface or particular features within the interface. Such models have been used for various purposes, such as:
1. controlling the number of interactions a simulated user can perform in a given period of time [16, 17] Essentially, these lines of research explicitly consider the cost that the user incurs, as opposed to traditional performance measures, which typically only consider the gain or benefit that the user receives from such actions. Thus such models/measures of cost-benefit complement and extend the existing research on measuring the utility of searching; and do so from a user perspective [10] . IIR systems often provide various features and functions, such as query suggestions and relevance feedback, that a user may or may not decide to use. The decision to take such a particular option has associated costs and may lead to some benefit. Thus, a savvy user would take decisions that maximises their net benefit. Given this premise, it is possible to design interfaces that reduce costs and increase benefits. Further, such models also help to understand why users select one action over another and let us hypothesise about how a user would interact under different conditions. Through the tutorial we will describe an array of models and draw a number of insights into different decisions, provide explanations for observed behaviours and show how it is possible to generate numerous testable hypotheses from the models. The tutorial will be composed of two parts: (1) Theory and (2) Practice. In the theory sessions we will cover how: cost-benefit analysis and decision theory, and how it can be applied, followed by descriptions and explanations of a series of cost (and benefit) models that have been developed in the context of interactive information retrieval and searching. In the practical sessions we will focus on explaining how to building such models, how to use the models in practice, along with a discussion on how to estimate and measure costs/benefits in IIR. Then participants, in groups, will undertake a series of activities, where they are challenged to build and develop a cost model for IIR. Participants are free to bring along their own problem, or work on the problems provided in class. The tutorial will conclude with a discussion of solutions along with a summary of the challenges and future directions for modeling costs in IIR.
TUTORIAL OVERVIEW
As previously mentioned the first half of the tutorial will be focused on theory and existing work, and the second half will be focused on how to build such models and a practical session.
Costs, Benefits and the Economics of Search
In the first session we will briefly provide the context and motivation for developing formal models of Information Seeking and Retrieval (ISR). To begin, we will discuss and describe various conceptual and descriptive models of ISR, including Bates' Berry Picking Model [18] and the ISR framework proposed by Ingwersen and Kalvero [25] , along with other such models (e.g. [40, 29, 21] ). This will provide the background for the tutorial where we point out the limitations of such models and motivate the need to develop models that are not only descriptive in nature, but which help us to hypothesise and explain observed behaviours. We will then provide an overview of Cost-Benefit Analysis techniques and Decision Theory, before describing a series of different models which attempt to answer various questions like:
• who should search more the student or the professor? [20] • how should facets be organised to reduce the cost of interaction? [27] • how long a user's query should be? [13] • should the user pose a specific or vague query?
• should the user take a suggestion or re-formulate?
• when should a user employ relevance feedback? [26] • when would the "find similar" functionality be worthwhile to the user?
• when should a user stop searching? [19, 24, 36] • should a user examine many documents and issue few queries, or vice versa? [2, 4] In describing the different models, we will explore and explain how different parameters affect the decisions at play. This will provide a number of insights into how these models can be used to inform experimentation, and guide further research.
How To Build Cost-Benefit Models
In the next session (after lunch), we will focus on how to build cost models and how to use them to generate hypotheses using various methods (analytical, graphical and computational) [39, 30] . The essence of such models is to develop a cost function and a benefit function given the different interactions that users can perform. Given these functions, it is then possible to establish under what conditions cost is minimized and/or benefit is maximized. Alternatively, given the cost/benefit function for various interaction/choices it is possible to compare when one choice is preferable to another. This section will explore the following topics:
• Decision Making and Cost Models [23, 30] .
• Optimality and Rationality [34, 33, 38] .
• What choices are available? What are the limitations?
• What are the interactions, costs and benefits?
• What will vary? Parameters?
• Define the problem and the goal
• Construct a cost and benefit function
• What method to choose: analytical, graphically, computational
• Solve, plot, compute
• Draw inferences and generating hypotheses
• How to estimate costs / benefits
• How to design/construct experiments based upon the models
To help illustrate how to undertake the model building process, we will use an example based on the simple scenario of finding the first highly relevant document in a result list [14] . We will describe how we can characterize the problem, enumerate the different variables, and show how the different variables impact the overall cost and the design of the interface. Given this scenario, we will show how we can devise a number of experiments to empirically test and explore the model -and discuss how it is possible to estimate various costs and benefits.
The final session of the tutorial will be dedicated to building models. For example, participants will be given a context such as a user trying to find an app on a mobile phone or tablet. The goal here is to find the app that the user wants to use. So the focus will be on building a cost function to model the different ways in which the user can find the app, e.g. search or browse. To add realism to the scenario, we will consider different types of users, ones that can remember where the app is, and those who cant (i.e., best and average/worse cases) as well as consider how screen size and app icon size can be modelled to arrive at an optimal size and layout for such interaction. During the practical session, participants will be encouraged to abstract away the details to form a representation of the problem, and identify the main variables that are likely to influence the interaction (i.e., the number of apps on the phone, the number of apps per screen page, the cost of moving between screens, etc.). These will be used to formulate the costs, then we will be able to reason about when it is better to search for an app and when it is better to browse. We will also consider alternative designs, such as presenting the most used apps first, or a hierarchical browsing structure, and whether they are likely to be more efficient or not, or under what circumstances.
INTENDED LEARNING OUTCOMES
By the end of the tutorial, participants should be able to:
• Understand the context and rationale for formal models;
• Describe and explain different types of cost/benefit models;
• Define and create a cost/benefit model;
• Explain and infer the predicted user behaviour given the cost models;
• Generate hypotheses regarding user behavior given the cost and benefit models. • Models for the retrieval of documents, sentences, experts and other information objects [15, 22] ;
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• Probabilistic models of user interaction and the simulation of users for evaluation [1, 5, 6] ;
• Microeconomic models of information interaction, specifically how cost and effort affect interaction and performance with search systems [2] ;
• Methods which assess the impact of search technology on society in application areas such as, search engine bias and the accessibility of e-Government information [?, 9], and;
• Search for fun (i.e. the SINS of users) [3] . 
